Dear Editor,
Gene targeting is in widespread use as a gold standard for determining the function of genes in mice and human embryonic stem cells [1] . However, the poor efficiency of this technology has hindered its application to domestic animals, for which embryonic stem cells are not available. Although gene-targeted large domestic animals have been produced successfully by combination of homologous recombination-based targeting strategy and cloning [2] [3] [4] , the efficiency is very low and, more importantly, the disruption of the targeted gene is usually mono-allelic. It thus takes a long time to obtain a null mutant.
Engineered zinc-finger nucleases (ZFNs) are chimeras of a DNA-specific binding domain (Cys 2 His 2 zinc-finger protein) and a cutting domain (endonuclease Fok I) [5] . The ZFNs induce site-specific DNA double-strand breaks (DSBs) that can be repaired by error-prone non-homologous end-joining (NHEJ) DNA repair or by the errorfree homologous recombination pathway [6, 7] . The NHEJ repair process often results in targeted mutations in the form of nucleotide deletions or insertions, which can lead to frame-shift mutations. Thus far, ZFN-induced gene editing has been used in the fruit fly Drosophila [6] , the nematode Caenorhabditis elegans [8] , zebrafish (Danio rerio) [9] , cultured mammalian cells [10] , rats [11] and pigs [12] . Beta-lactoglobulin (BLG) is a major whey protein in cow's milk and has been shown to be one of the major milk allergens [13] . It is also an ideal locus in mammary gland bioreactors. We report here a successful application of ZFNs on BLG gene knockout in cattle ( Figure 1A and 1E ). Three pairs of ZFNs were tested in bovine fetus fibroblast cells (Supplementary information, Table S1 ). The BLG-set1 cut the targeting site efficiently and was thus selected for the following work, in which the mRNA of ZFNs was used in order to obtain cell colonies without ZFN plasmid integration. The mutation analysis was done by PCR amplification of the desired site using DNA templates extracted from mixed ZFNstransfected cells and from single colonies (Supplementary information, Figure S1 ). The PCR products were TA cloned and sequenced to determine the nature of the mutations and targeting efficiency. A total of 96 mutants for the BLG locus from both mixed cells and single colonies were analyzed. Over 80% of these mutants were short fragment deletions or insertions (< 20 bp) and, in some cases, the mutants had both deletions and insertions around the cleavage site ( Figure 1B) . Earlier work demonstrated that ZFNs spaced 6 bp apart leave mainly 4 bp 5′-overhangs [14] . In the BLG mutations, 4 bp insertions/ deletions, the typical products of NHEJ repair of ZFNsinduced DSB, are dominant.
High-efficiency disruption was achieved when the ZFNs of BLG-set1 were tested in different bovine cell lines (Supplementary information, Table S2 ). The mutation efficiency was similar among cell lines, except in cell line 0901, where a single-nucleotide polymorphism in the ZFNs-binding site caused a sharp drop of mutation efficiency. The mRNA of ZFNs worked slightly better than the plasmid but the difference was not significant.
To detect mutations in single-cell colonies, PCR products corresponding to the targeted site were sequenced directly. As shown in Figure 1C , the presence of double peaks after the targeting site in the sequencing curves clearly distinguishes mutants from non-targeted cells. For the BLG gene disruption, 18 mutant singlecell colonies were obtained, and two colonies (16 and 27) contained bi-allelic mutations. Colony 16 (9 and 15 bp deletions) and colony 27 (8 and 35 bp deletions) were used as nuclear donors for somatic cell cloning. A total of 8 cloned animals were born (Supplementary information, Table S3 ), and sequencing results confirmed that they were bi-allelic BLG mutants. However, six of them died soon after birth due to the commonly observed effect of somatic cell cloning (dysfunction of lungs or kidneys) and one died after a month. The remaining animals from colony 16 have lived a healthy life and are now 6 months old ( Figure 1E) . Nevertheless, the colony 16 (9 and 15 bp deletions, Figure 1D ) used in our study likely will not lead to frame shift mutations but should generate two
npg shorter versions of the protein compared to the wild-type one. Other colonies containing frame-shift mutations will also be transferred as nuclear donors in the future for further analysis.
To test the fidelity of the ZFNs, we examined the ZFNs-induced mutation efficiency in other species that contain similar sequences at the target sites. Our results showed that the ZFNs are sequence specific (Supplementary information, Table S4 ). The fact that a one-nucleotide difference in cell line 0901 decreased the cut efficiency of ZFNs dramatically, indicates that the off-target effect of ZFNs was weak in our study.
In summary, this study demonstrates that ZFNs are very efficient for gene editing of large domestic animals as in other species. The high frequency of induced biallelic mutations should save considerable time in the preparation of null mutant animals. Meanwhile, one of the distinguishing features-marker gene-free, would also greatly enhance the commercial potential of using ZFNs in animal production. The results presented here suggest that ZFNs represent a promising approach for specific gene editing in large domestic animals.
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